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POLYMFR  CHARACTERIZATION  BY  13C  NUCLEAR  MAGNETIC 
RESONANCE  (NMR)  SPECTROSCOPY:  ACRYLOID  K125-EA 
AND  HIGH  MOLECULAR  WEIGHT  PIBM 

1.  INTRODUCTION, 

For  more  than  a  decade,  nuclear  magnetic  resonance  (NMR)  spectroscopy  has  been 
making  significant  contributions  to  the  study  of  both  synthetic  and  biopolymers.  The  most 
significant  contribution  NMR  has  made  in  the  area  of  synthetic  polymers  is  their  chaiacterization 
in  terms  of  microstructure  and  the  various  forms  of  isomerism  that  can  occur.  Since  the 
chemical,  physical  and  mechanical  properties  of  synthetic  polymers  strongly  depend  upon  the 
stereochemistry  of  the  repeating  units  in  the  polymer  chain,  characterization  of  polymers  at  the 
molecular  level  is  very  important.  Proton  ^H)  NMR  has  been  used  extensively  to  study  polymers 
and  has  provided  a  considerable  amount  of  data  concerning  their  structure-physical  properties 
relationships.1'3  With  the  recent  advent  of  Fourier  transform  NMR  spectrometers,  however, 
choructerizatlon  of  synthetic  polymers  using  13C  NMR  spectroscopy  has  moved  to  the  forefront. 
Carbon-13  NMR  has  several  advantages  over  NMR:  (1)  chemical  shift  differences  between 
nuclei  of  the  same  structural  unit  but  in  different  stereochemical  environments  are  larger; 

(2)  complex  putterns  due  to  spin-spin  coupling  can  be  eliminated  by  broadband  decoupling  of 
the  protons;  and  (3)  high  resolution  13C  spectra  can  be  obtained  from  highly  viscous  solutions 
und,  in  some  cases,  even  front  solids  since  the  line  broadening  caused  by  dipolar  spin-spin 
relaxation  associated  with  slow  molecular  motion  is  much  less  severe  for  13C  than  for  protons. 
Consequently,  13C  NMR  is  proving  to  be  an  excellent  tool  for  determining  the  stereoregularity  of 
various  polymers,  the  amount  of  branching  within  the  polymer  and  the  sequence  distribution  in 
copolymers. 

Both  the  Acrylold  K125-EA  and  the  high  molecular  weight  poly  (isobutyl 
methacrylate),  PIBM,  that  were  Investigated  have  been  used  in  various  studies.4'5  Since  the 
properties  of  polymers  are  strongly  dependent  on  the  stereochemistry  of  the  repeating  units, 
studies  to  determine  the  microstructure  of  these  two  polymers  are  important  for  several 
reasons:  (1)  to  fully  understand  the  nature  of  the  polymer  being  used;  (2)  to  be  able  to 
compare  different  batches  of  the  same  polymer  to  insure  that  they  are  the  same  chemically;  and 

(3)  to  aid  in  the  development  of  new  and/or  special  polymers  for  thickening  purposes.  This  13C 
NMR  investigation  marks  the  first  time  work  has  been  done  to  characterize  these  polymers  at  the 
molecular  level;  this  report  describes  the  results  of  this  investigation. 

H.  BACKGROUND, 

While  the  polymer  chemist  would,  ldeully,  like  to  discern  the  monomer  sequence  or 
sequence  distribution  for  euch  chain  in  a  particular  polymer  sample,  characterization  of  polymers 
by  NMR  spectroscopy  actually  involves  determining  average  structures.  For  a  copolymer,  the 
simplest  average  structural  Information  that  can  be  determined  by  13C  ^'MR  is  the  ratio  of 
monomer  A  to  monomer  B,  and  for  homopolymers  that  can  exist  in  or  more  different 
configurations  (i.e,,  polybutadienes),  the  simplest  information  is  the  ,  ercent  monomer  us 
structural  entity  I,  2,  etc.  These  findings,  however,  give  no  Indication  of  the  monomer  sequences 
nor  of  the  distribution  of  structures  which  ure  so  important  in  determining  the  physical 
properties  of  the  polymer.  But,  since  13C  NMR  is  sensitive  to  the  subtle  structural  features 


within  the  polymer  chain,  sequencing  information  such  as  the  different  combinations  of  adjacent 
structural  units  (AA:AB:BB)  can  be  determined.  Because  the  concentrations  of  unlike  connecting 
units  (AB)  can  be  measured  independently  of  the  concentrations  of  like  connecting  units  (AA 
and  BB),  *3C  NMR  spectroscopy  can  give  information  that  will  eventually  lead  to  complete 
sequence  distributions  for  the  polymer,  However,  it  must  be  remembered  that  NMR  data  reflects 
the  uverage  structure  of  the  polymer;  it  does  not  reflect  the  possible  differences  in  structural 
distribution  that  may  occur  either  within  or  between  the  polymer  chains. 

A,  Tactlclty  (Sequence  Distribution). 

A  vinyl  homopolymer,  such  as  polyfmothyl  methacrylate)  or  polyflsobutyl 
methucrylate),  can  be  considered  as  a  copolymer  of  successive  units  of  either  the  same  (like)  or 
opposite  (unlike)  handedness.  There  are  two  different  systems  of  nomenclature  that  may  be  used 
to  describe  the  sequence  of  like  and  unlike  units  along  the  polymer  chain:  (l)the  system 
introduced  by  Price6  which  uses  a  0  and  1  nomenclature  to  depict  individual  monomer  unit 
configurations,  and  (2)  the  system  developed  by  Bovey?  which  refers  to  adjacent  monomer  pairs 
with  the  same  relative  configurations  as  meso  (m)  dyads  and  those  with  opposite  configurations 
us  racemic  (r)  dyads. 

The  distribution  of  meso  and  racemic  configurations,  or  alternately,  the  sequence  of 
0  and  1  monomer  units  falls  under  the  general  heading  of  polymer  tactlclty.  An  excellent 
technique  for  determining  the  tacticity  of  vinyl  homopolymers  is  *  3C  NMR  spectroscopy  since 
the  chemical  shifts  of  the  various  resonances  of  the  vinyl  homopolymers  are  usually  sensitive  to 
structural  features  many  bonds  away.  For  example,  if  u  resonance  exhibits  triad 
(3  monomer  units)  sensitivity,  separate  peaks  would  be  observed  for  the  mm  (Isotactic) 
sequence,  the  mr  (heterotactic)  sequence  and  the  rr  (syndiotactlc)  sequence,  figure  1,  It  is  not 
unusual,  though,  to  see  l^C  NMR  resonances  with  tetrad  (4  monomer  units),  pentad  (5  monomer 
units)  and  even  hexad  (6  monomer  units)  sensitivity.  An  added  advantage  is  the  fact  that  the 
areas  ’"Jer  these  peaks  are  directly  proportional  to  the  concentrations  of  the  various  sequences 
since  the  Nuclear  Overhauser  Effect  (NOE)  is  cancelled  out  due  to  the  restricted  molecular 
motion  of  the  polymer,8  Using  model  compounds,  then,  one  can  identify  which  sequences 
produce  which  resonances,  and  from  the  ratio  of  the  concentrations,  the  monomer  distribution 
for  the  homopolymer  can  be  discerned, 

The  sequencing  distribution  in  vinyl  copolymers  is  the  same  as  that  described  above 
for  vinyl  homopolyniers  except  that  0  and  1  now  represent  the  monomers  A  and  B,  But,  for 
copolymers,  the  situation  becomes  much  more  complex  since  these  two  monomer  units  also  can 
add  meso  and  racemic.  Thus,  for  a  triad  sequence,  there  would  be  the  possibility  of  6  unique 
resonances  for  u  copolymer  made  up  of  monomer  units  A  and  B  compared  with  3  unique 
resonances  for  the  triad  sequence  of  a  vinyl  homopolymer, 

B,  Number-Average  Sequence  Lengths, 

The  monomer  distribution  for  a  vinyl  copolymer  or  homopolymer  can  be  expressed 
in  terms  of  a  quantity  called  the  number-average  sequence  length,9  Number-average  sequence 
lengths  may  be  expressed  in  terms  of  runs  of  like  additions  or,  for  vinyl  homopolymers,  In  terms 
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of  runs  of  tueso  (m)  ami  racemic  (r)  additions.  The  number-average  sequence  length  of  like 
additions  (ft)  for  an  average  polymer  chain  is  calculated  from  the  following  general  equation:10 


/  “  n  /la  n 

<o>t/£Ni  (°)/l 
/  ■  0  /  / a  0 


where 


n  *  the  length  of  the  nan  of  like  additions 
N  a  number  of  runs  for  each  n 

For  u  vinyl  honiopolymer,  the  above  equation  may  be  expressed  In  terms  of  the  meso-racemic 
nomenclature  and  reduces  to  n*  l/(r)  where  r  ■  concentration  of  racemic  dyad  sequences,10 
Thus,  IT,  the  number-average  sequence  length  of  like  additions,  can  be  obtained  from  uny 
monomer  distribution  2  units  or  longer,  As  can  be  seen  from  the  equation,  an  ideally  random 
polymer,  where  m  ■  r  «  '/i,  has  n  ■  2,0,  and  a  completely  syndiotactic  polymer  (r  »  1)  has  n  “  1,0, 
A  sequence  length  greater  than  2  denotes  a  polymer  with  more  meso  additions  than  racemic 
additions, 


Number-average  sequence  lengths  for  a  vinyl  homopolymer  may  also  be  expressed  In 
terms  of  meso  and  racemic  additions  rather  than  in  terms  of  like  configurations,  Characterization 
of  polymer  tacticity  through  the  meso-racemic  copolymer  model,  however,  requires  a  higher 
chemical  shift  sensitivity  since  a  knowledge  of  the  monomer  distribution  over  at  least  3  units  is 
needed.  The  mimber-nveruge  sequence  lengths  of  meso  and  racemic  additions  are  calculated  from 
the  following  equations  derived  for  triad  sensitivity:10 


(.mm)  +  Vi(mr) 
nm  “  Vi(mr) 


( rr )  +  Vt(mr) 
Vz(mr) 


As  wus  the  case  for  number-nverugc  sequence  lengths  of  like  configurations,  Ideally  random 
polymers  give  nm  H  nr  ■  2.0, 

C,  Statistical  Analysis  of  Polymer  Tacticity, 

Bovey11  and  Price6  pioneered  the  development  of  the  statistical  analyses  of 
polymers,  The  most  frequently  used  statistical  models  are  Bemoulllan  and  first-order  Markov. 
The  Bemoulllan  model  describes  a  random  distribution  of  monomer  units  where  the  probability 
of  u  monomer  addition  Is  independent  of  the  outcome  of  any  previous  addition.  All  first- 
(and  higher)  order  Markovian  models  describe  those  polymers  in  which  the  probability  of 
addition  is  dependent  upon  previous  events:  u  first-order  Murkov  model  depends  on  the  outcome 
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ol  a  single  preceding  event;  n  seeoiul-order  Markov  model  depends  upon  the  outcome  of  two 
preceding  events:  etc.  Statistical  analysis  of  polymers  is  important  since  it  allows  for  the 
assignment  of  specific  NMR  chemicul  shifts  to  particular  polymer  sequences  when  model 
compounds  are  of  no  help  or  when  they  give  ambiguous  results, 

111,  EXPERIMENTATION, 

A,  Materials, 

The  sample  of  Acryloid  K125-EA,  (Lot  No,  3-6326,  Code  No.  6*4077),  was 
manufactured  by  Rohm  and  Haas.  A  terpolymer,  it  Is  reported  to  consist  of  methyl 
methacrylate,  ethyl  acrylate  and  butyl  acrylate  and  to  huve  an  average  molecular  weight  of 
approximately  2  million  as  determined  by  gel  permeation  chromatography.* 

The  sample  of  high  molecular  weight  P1BM,  polydsobutyl  methacrylate), 
SW  63-0082,  wus  ulso  manufactured  by  Rohm  and  Huas  and  has  un  average  molecular  weight  of 
5.5  to  9,5  million  as  determined  by  viscosity  and  light-scuttering  techniques,  respectively.* 

The  Acryloid  K125-EA,  the  PIBM,  the  deuterated  benzene,  C6D6,  (Norell  Chem, 
Co,,  Inc.),  the  chloroform,  CHCI3  (Allied  Chemicul,  Reugent  grude),  and  the  deuterated 
chloroform,  CDCI3  (Norell  Chem.  Co,,  Inc.),  were  ull  used  ns  received. 

The  pyridine  (Eustmun,  Karl  Fischer  Reagent  grude)  was  dried  over  sodium 
hydroxide  pellets  before  use. 

B,  Instrumentation. 

The  carbon-13  NMR  spectra  were  obtained  using  a  Varian  FT-80A  niultlnucloar 
Fourier-transform  NMR  spectrometer  operating  at  20,0  MHz  with  broadband  proton  heteronoise 
decoupling,  The  spectra  were  accumulated  using  douMe  ptedslon  softwure  (DP  ACCUM)**  and 
the  following  speetrul  purumeters:  sweep  width,  4000  Hz;  pulse  width,  8  /jsec  (33°);  acquisition 
time,  1.023  sec;  and  pulse  delay,  2,5  see,  The.  probe  temperuturc  was  maintained  at  35°C,  and 

CDCI3  wus  used  for  the  Internal  lock  signal.  Relative  peak  ureas  were  determined  by  electronic 

integration,  by  cutting  and  weighing,  and  through  curve  resolving  using  the  spin  simulation 
program  SIMEQ,**  Chemicul  shift  values  are  reported  relative  to  tetramethylsilune  (TMS)  using 
the  solvent  peuk  as  the  Internal  standard, 

C,  Sample  Preparation, 

A  10%  (wt/vol)  solution  of  euch  polymer  was  prepared  by  udding  10  ml  of  the 
appropriate  solvent  to  1  gram  of  polymer  contained  In  a  small,  glass  bottle,  The  mixture  wus 
stirred  using  u  glass  stirring  rod  until  ull  the  polymer  appeured  "wet."  The  bottle  containing  the 

polymer  and  solvent  was  placed  on  a  tumbler  und  tumbled  at  ambient  temperature  for  at  least 


*  Personal  communication,  E,  C,  Penskl,  Physieul  Organic  Section, 

**  Software  courtesy  of  Steven  L,  Patt,  Vartan  Associates, 


24  hours  in  order  to  obtain  a  homogeneous  solution,  Thu  thick  polymer  solution  wus  then 
transferred  to  a  10-mm  od  pyiex  NMR  tube  using  a  3-ml  syringe  and  a  13-gage  needle.  The  tube 
wus  cupped,  and  the  top  was  wrapped  with  Parafilm.  Spectra  were  recorded  as  described  above, 

IV,  RESULTS  AND  DISCUSSION. 

A,  High  Molecular  Weight  P1BM, 

1 ,  Identification  of  Carbon  Types  Present. 

The  carbon-13  NMR  spectrum  of  the  high  molecular  weight  PIBM  dir  ed  In 
CHCI3/CDCI3  is  shown  in  figure  2.  Comparison  of  the  Bpectrum  with  various  reference  oectra, 
table  l,12  allows  the  peaks  to  be  identified; 
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As  can  be  seen  from  the  spectrum,  none  of  the  butyl  resonances  of  the  PIBM  shows 
sensitivity  to  the  skeletal  arrangement  of  the  molecules  in  the  polymer  chain  except  the  -OCH2  I 

resonance  (671.1)  which  is  only  slightly  broadened  and,  therefore,  cannot  be  used  to  obtain  any 

sequencing  information.  Usually,  the  a-CH3  resonance  (6  16.3,  18.4,  and  19,9)  is  used  to  ‘  , 

determine  triad  ratios  (syiidiotactlc:heterotactlc:Uotactic)  in  poly(methacrylates),13  but  for  l 

PIBM,  this  region  overlaps  the  CH3  peak  from  the  butyl  moiety  (8  19.3)  and  cannot  be  used  to 
evaluate  tucticity.  However,  the  tertiary  carbon  resonance  also  shows  triad  sensitivity  (6  44.8, 

45.1  und  45.7),  and  the  carbonyl  resonance  shows  pentad  sensitivity,  Using  reference  spectra  of 
vurious  samples  of  poly(methyl  methacrylates),1*3'  1 3  the  carbonyl  resonances  for  the  various 
pentad  and  triad  sequences  In  the  spectrum  of  the  PIBM  were  identified,  figure  3.  The  pentad 
chemical  shift  assignments  for  the  carbonyl  carbon,  from  low  to  high  field,  are  mmn,  rrrm ,  rrrr , 
nntm  +  mmrm,  rmrr  +  ntrnrr,  und  mmmm  +  mmmr  +  rmmr, 
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Figure  2.  Double  Precision  C  KKR  Spectre*  of  PIBM  in  CHCl^CDCl^ 
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Figure 


ucticity. 


Based  on  the  relative  areas  of  the  carbonyl  resonances,  figure  3,  the  following  ratio 
of  triad  sequences  was  obtained: 
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Number-Average  Sequence  Length  of  Lljte  Configurations, 


Using  the  value  of  the  racemic  dyad  concentration,  r,  determined  from  the  carbonyl 
region  of  the  spectrum  (r  -  rr  +  Yimr),  the  high  molecular  weight  PIBM  investigated  was  found  to 
have  a  number-average  sequence  length  of  like  configurations  (fi)  equal  to  1.3  ±0.1.  This 
Indicates  that,  during  the  formation  of  this  polymer,  there  were  more  unlike  (racemic)  additions 
than  like  (meso)  additions, 

4,  Number-Average  Sequence  Lengths  of  Racemic  and  Meso  Additions. 

The  PIBM  studied  was  found  to  have  a  number-average  sequence  length  of  meso 
additions  (nm)  equal  to  1.3  ±  0.1  and  a  number-average  sequence  length  of  racemic  additions  (nr) 
equal  to  5.0  ±  0,5.  Based  on  these  results,  an  average  structure  for  this  PIBM  which  satisfies  all 
the  sequence  length  requirements  is 

11111  2  11111  3  111  2 

A  A  A 

010101  10101011  10101  1 

I 

\rr  r  r  rmrrr  r  rrmmrrr  rm 
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5.  Statistical  Analysis 


A  comparison  of  the  observed  values  of  the  triad  intensities  with  those  calculated 
for  a  Bcrnoullian  fit  indicates  that  the  high  molecular  weight  P1BM  exhibits  Bernoulllan  behavior 
(table  2).  The  Bcrnoullian  probability  for  a  meso  addition,  Pm,  was  found  to  be  0,21  ±  0,01  and 
for  a  racemic  addition,  1  -  P^,  0,79  ±  0.01. 


Table  2.  Monomer  Distribution  for  PIBM  Conforming  to  Bcrnoullian 
Behavior  Based  on  the  Carbonyl  Resonance 


Distribution 

Triad 

Observed 

Calculated 
(Pm  -  0.21  ±0.01) 

mm 

0,05 

0,04 

mr  +  rm 

0.32 

0.33 

n 

0.63 

0,62 

B.  Acrylold  K125-EA. 

1,  Identification  of  Carbon  Types  Present. 

The  carbon-13  NMR  spectrum  of  Acrylold  K125-EA  in  pyridlne-benzene-d6  is 
shown  in  figure  4.  Comparison  of  this  spectrum  with  reference  spectra  of  various  butyl  esters 
(table  1)  indicates  that  the  butyl  resonances  from  the  butyl  acrylate  are  the  peaks  at 
6  14,2  ±0.1,  19,7,  30,8  and  65.2.  Similarly,  a  comparison  with  reference  spectra  of  various  ethyl 
esters  (table  1)  indicates  that  the  ethyl  resonances  from  the  ethyl  acrylate  are  the  peaks  at 
6  14,2  ±  0,1  and  61,0,  The  peaks  from  the  methyl  methacrylate  are  identified  as  follows: 


Resonance 

6,  ppm 

a-CH3 

17.0-22.0 

P-ch2 

54  urea 

C-backbone 

45.2-47.0 

och3 

52,0 

The  region  6 1 73, P  -  178,8  exhibits  at  least  11  separate  peaks  and  includes  all  of  the  carbonyl 
resonunces  from  the  methacrylate  as  well  as  both  acrylates. 
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Figure  4.  Single  Precision  13C  HMR  Spectra*  of  Acryloid  kl25-EA  in  Pyridine/C^ 


Monomer  Distribution, 


Using  expanded  spectra  und  based  on  the  areas  of  the  OCH2  end  CH3  regions  of  the 
ucrylutes  und  on  the  a-CH3  region  of  the  methacrylate,  the  molar  ratio  of  methyl  methacrylate 
to  ethyl  and  butyl  acrylates  was  found  to  be  82:18  (±3),  and  the  molar  ratio  of  butyl  ucrylute 
to  ethyl  acrylate  was  found  to  be  28:72  (i  5).  The  monomer  distribution  Is,  therefore: 


Monomer 

Found 

Mole  % 

Methyl  methacrylate 

82 

Ethyl  acrylate 

12 

Butyl  acrylate 

6 

Tacticlty. 

As  mentioned  previously,  the  analysis  of  the  spectrum  of  u  copolymer  can  become 
very  complicated  since  there  are  6  unique  triad  configurations  for  a  copolymer  compared  to  3 
for  a  vinyl  homopolynter,  The  Acryloid  K12S-EA,  which  is  a  terpolymer,  has  18  unique  triad 
combinations  and  6  unique  dyad  combinations.  Thus,  for  Acryloid  K125-EA,  even  sequence 
descriptions  in  terms  of  dyads  of  monomer  units  is  difficult  especially  since  the  concentration  of 
one  of  the  monomers  is  only  about  6%. 

As  can  be  seen  from  the  spectrum,  figure  4,  none  of  the  methylene  resonances  from 
either  butyl  (6  65,2,  30.8  and  19.7)  or  the  ethyl  (6  61,0)  ester  moieties  shows  any  sensitivity  to 
the  monomer  sequencing  in  the  polymer  chain.  In  the  best  case,  only  slight  peak  broadening  Is 
observed.  The  CH3  resonance  (8  14.2  *0,2),  however,  does  show  some  sensitivity,  But,  because 
this  region  consists  of  2  CH3  resonances,  one  from  the  ethyl  moiety  and  one  from  the  butyl 
moiety,  and  because  sensitivity  to  the  hsud-to-head  and  head-to-tail  addition  of  the  monomer 
units  is  also  expected,  no  concrete  sequencing  information  can  be  discerned,  Similarly,  no 
sequencing  information  can  be  gained  from  any  of  the  methyl  methacrylate  resonances  since  the 
sensitivity  to  the  skeletal  arrangemen*  of  the  polymer  chain  (l.e.  the  head-to-head  and 
head-to-tail  sequences  of  the  methyl  methacrylate  monomer  unitB)  appears  to  overshadow  any 
sensitivity  to  the  monomer  configurational  sequences. 

In  spite  of  the  fact  that  no  information  about  the  configurational  sequences  in  the 
Acryloid  K125-EA  could  be  ascertained,  some  knowledge  of  the  microstructure  of  this 
terpolymer  can  be  gleaned.  An  expanded  spectrum  of  the  carbonyl  region  of  a  sample  of  the 
Acryloid  KI25-EA  dissolved  in  CHCI3/CDCI3  is  shown  in  figure  5,  Even  though  this  region 
consists  of  1 1  separate  resonances,  the  major  peakB,  which  are  due  to  the  80%  methyl 
methacrylate  in  the  terpolymer,  appear  in  the  same  pattern  as  that  observed  for  the  high 
molecular  weight  P1BM,  figure  3,  and  for  other  predominately  syndiotactic  methyl  methucrylate 
homopolymers,10'13  Thus,  chemical  shift  assignments,  from  low  to  high  field,  for  the  methyl 
methacrylate  monomer  units  occurring  in  sequences  of  5  units  or  longer  may  be 
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identified:  mrnih  rrnu ,  rrrrs  rnmn  +  mmrnu  jiikI  rmrr  +  nmrr.  The  resonances  from  the  nun 
centered  pentuds  are  apparently  small  and  cannot  be  observed  over  the  other  carbonyl  peuks  In 
the  spectrum,  The  fact  that  the  intensities  of  these  resonances  ure  so  nearly  like  those  of  the 
IMBM  investigated  Indicates  that  the  Acryloid  K125-EA  is  also  a  predominately  syndiotuctlc 
polymer  and  has  more  racemic  additions  than  meso  additions, 

V,  CONCLUSION, 

The  high  molecular  weight  polyfisobutyl  methacrylate),  PIBM,  was  found  to  exhibit 
Bernoullian  behavior  and  to  have  a  predominately  syndiotactic  structure  with  only  isolated  meso 
additions,  The  triad  distribution  showed  that  only  5%  of  the  monomer  units  occur  In  runs  of 
three  like  configurations  or  longer.  The  predominately  syndiotactic  structure  of  this  PIBM 
indicates  that  steric  interactions  were  encountered  during  the  polymerization  process.  Thus,  it 
appeurs  us  though  this  sample  was  prepared  either  by  free  radical  polymerization14  or  by  using  a 
solvent  such  as  tetrahydrofuran  during  an  anionic  polymerization,1 5 

The  terpolymer,  Acryloid  K125*EA,  was  found  to  consist  of  82  mole  %  methyl 
methacrylate,  12  mole  %  ethyl  acrylate,  and  6  mole  %  butyl  acrylate,  in  addition,  the  pentad 
distribution  indicated  that  this  polymer  has  a  predominately  syndiotactic  structure  and  has  more 
racemic  additions  than  meso  additions. 
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HQ  Foreign  Technology  Dlvl.lon  (AFSC) 
Attn!  PDRR 

Wrlght-Patterion  AFB,  OH  45433 


Commander 

US  Army  Dugway  Proving  Ground 
Alin;  Technical  Library,  Docu  Sect 
Dugwuy,  UT  84022 

Cummandct 

Rocky  Mountain  Aracr.nl 
Attn;  SARRM-QA 
Commerce  City,  CO  80022 

Commander 
1'lliu  Bluff  At.enal 
Attn:  SARPB-KTA 
Fine  Bluff,  AR  71611 

US  ARMY  TRAINING  A  DOCTRINE  COMMAND 

Commendunt 
US  Army  Infantry  School 
Attn:  NBC  Dlvl.lon 
Fort  Henning,  GA  31905 

Commandant 

US  Army  Military  Police  Schoot/Tralntng  Center 
Attn:  ATZN-TDP-C 
t  ort  McClellan,  AL  J6205 


Commander 

Aeronautical  Sy.tom.  Dlvl.lon 
1  Attn:  ASD/AELD 

Wrtght-Pltteraon  AFB,  OH  45433 

HQ  AF1SC/SEV 
Norton  AFB,  CA  92409 
t 

OUTSIDE  AOENC1F.S 

BntttUe,  Columbu.  Laboratorle. 
Attn:  TACTEC 
1  505  King  Avenue 

Columbu.,  OH  43201 

Director  of  Toxicology 
National  Reiearch  Council 
2101  ConHitullon  Ave,  NW 
Wa.hlngton,  DC  20418 

1 

Director 

Central  Intelligence  Agency 
Attn:  ORD/DD/SAT 
Wa.hlngton,  DC  2050J 


1 


1 


1 


1 


1 


1 


1 


1 
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DISTRIBUTION  LIST  2  (Conld) 


ADDITIONAL  ADDRESSEES 

Commit  ndcr 
USEUCOM 

Atm:  KC'JJ-O/LTC  Juntoi  II.  Alley 
A  CO,  NY  09128 

Commander 

US  Army  Environmental  Hyglone  Agency 
Attn:  Llbrurlun,  Bldg  2100 
Aberdeen  Proving  Ground,  MD  21010 

Commander 
DARCOM,  STITUUR 
Attn:  DRXST-STl 
Box  48,  APO  New  York  09710 


Commander 

US  Army  Scloneo  &  Technology  Center-Pur  EuM  OfOec  I 
APO  San  Prunuiuco  96328 

HODA  DASO-RD7.  (SGRD-PL)  I 

WASH  DC  20314 

HQDA  (SGRD-AJ/Mrit,  Madigan)  1 

Port  Detrlok 
Frederick,  MD  21701 
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